The measurement of the mass of clusters of galaxies is crucial for their use in cosmology and astrophysics. 
INTRODUCTION
Clusters of galaxies are at the crossroad between cosmology and astrophysics. They are laboratories to study the physics of the baryons and of the dark matter at large scales in bound objects (Voit 2005; Pratt et al. 2009; Arnaud et al. 2010; Giodini et al. 2013 ). Cosmological parameters can be measured with cluster abundances and the observed growth of massive galaxy clusters (Mantz et al. 2010; Planck Collaboration et al. 2013) , with gas fractions (Ettori et al. 2009 ) or lensing analyses (Sereno 2002; Jullo et al. 2010; Lubini et al. 2013) . This requires precise and accurate measurements of the cluster masses.
Cluster properties that can be easily measured with ongoing and future large surveys (Laureijs et al. 2011) , such as optical richness, X-ray luminosity, Sunyaev-Zel'dovich (SZ) flux, ..., are going to be used as mass proxies. This relies on an accurate calibration through comparison with direct mass estimates (Andreon & Bergé 2012; Ettori 2013; .
Weak lensing (WL) analyses provide one of the most well regarded mass estimate. The physics behind gravitational lensing is well understood. The shear distortions of the background galaxies trace the gravitational field of the matter distribution of the lens (Hoekstra et al. 2012; von der Linden et al. 2014; Umetsu et al. 2014) .
Even if the WL estimate of the total projected mass along the line of sight is precise, the approximations that have to be used (spherical symmetry, smooth density distributions, no other con-E-mail: mauro.sereno@unibo.it (MS) tribution along the line of sight, ...) to infer the three-dimensional mass may bias and scatter the results.
The main sources of uncertainty in WL mass estimates are due to triaxiality and substructures. The spherical assumption can bias the results for triaxial clusters pointing towards the observer, wherein lensing strengths are boosted and mass and concentration are over-estimated, or for clusters elongated in the plane of the sky, as happens for most of the halos in a randomly selected sample, wherein mass and concentration are on the contrary underestimated (Oguri et al. 2005; Sereno 2007; Corless, King & Clowe 2009; Sereno, Jetzer & Lubini 2010; Sereno & Umetsu 2011; Sereno & Zitrin 2012) .
Substructures in the cluster surroundings dilute the tangential shear signal (Meneghetti et al. 2010; Giocoli et al. 2012 Giocoli et al. , 2014 . Significant mass under-estimations are caused by either massive subclumps (Meneghetti et al. 2010) or uncorrelated large-scale matter projections along the line of sight (Becker & Kravtsov 2011) .
Numerical studies have quantified the extent to which bias and intrinsic scatter affect WL masses. Usual fitting procedures of the cluster tangential shear profiles can bias low the mass by ∼5-10 per cent with a scatter of ∼10-25 per cent (Meneghetti et al. 2010; Becker & Kravtsov 2011; Rasia et al. 2012) . The scatter should be less significant in optimally selected clusters either having regular morphology or living in substructure-poor environments (Rasia et al. 2012) .
These theoretical predictions agree with recent measurements. recently determined an intrinsic scatter for WL masses of ∼15 per cent.
An alternative and popular method to infer the cluster mass is based on the assumption that hydrostatic equilibrium holds be-tween the intra-cluster medium (ICM) and the gravitational potential. The cluster mass can then be recovered from observations of the spatially resolved spectroscopic data and the X-ray surface brightness (LaRoque et al. 2006; Donahue et al. 2014) . However, deviations from equilibrium or non-thermal contributions to the pressure are difficult to quantify and can bias the mass estimate to a larger extent than for WL masses (Rasia et al. 2012; .
Other methods to derive the cluster mass employ spectroscopic measurements of galaxies velocities, such as the caustic technique (Rines & Diaferio 2006) or approaches exploiting the Jeans equation (Lemze et al. 2009; Biviano et al. 2013) . These methods are hindered by the very expensive observational requirements and are mostly limited to low redshift halos.
Since WL masses can be obtained up to high redshifts, they require observational programs feasible in the context of large surveys, and they are nearly unbiased, they are supposedly the best mass estimators to calibrate other proxies.
In this paper I re-elaborate in a standard form known WL mass estimates of galaxy clusters available in literature. The typical information presented in WL studies is not standardised. A cluster can be named in different ways. Different conventions are employed for the reference cosmological model. The lens can be characterised in a number of ways. A quantitative analysis can provide either the total mass within an integration radius (which on turn can be defined in several ways), or the total projected mass within an angular aperture (this is the quantity the lensing is most sensitive to), or the parameters characterising the adopted mass profile.
I collected all the disparate WL measurements available in literature in three meta-catalogs regularised to the same reference cosmology and to the same set of integration radii. The basic characteristics of these catalogues are the large number of objects (485 unique systems), and the standardised names, coordinates, redshifts and masses. References to the original analyses were reported for each cluster. I compiled three catalogues: i) the LC 2 -single lists the unique systems. Duplicate entries originating from overlaps between the input references were controlled and eliminated. The reported masses of either regular or complex clusters were obtained with a single-halo analysis. These are the most sensible masses to compare to other global properties, such as the SZ flux, the X-ray luminosity or the optical richness. ii) The LC 2 -substructure lists the main and the secondary substructures of complex clusters which were studied with a multiple-halo analysis. The mass of each component is reported individually. iii) The LC 2 -all lists all the groups and clusters found in literature. Repeated entries are included. LC 2 -single and LC 2 -substructure are subsamples of LC 2 -all. The catalogs are publicly available in electronic format and will be periodically updated.
For the compilation of the catalogs, I assumed a fiducial flat ΛCDM cosmology with density parameter ΩM0 = 0.3, and Hubble constant H0 = 70 km s −1 Mpc −1 . When H0 is not specified, h is the Hubble constant in units of 100 km s −1 Mpc −1 . This paper is the third in a series titled 'CoMaLit' (COmparing MAsses in LITerature). In the first paper , systematic differences in lensing and X-ray masses obtained from independent analyses were quantified and the overall level of bias and intrinsic scatter was assessed through Bayesian techniques. This formalism was later applied to calibrate the SunyaevZel'dovich (SZ) flux estimated by the Planck satellite against mass proxies .
The papers is structured as follows. In Section 2, I comment on qualities and drawbacks of meta-catalogues collected from literature and their use in astronomy. In Section 3, I review the various definitions of over-density and virial radii and I motivate the choice of the radii used for the catalogs. In Section 4, I review the most used mass density distributions to characterise the lens and I discuss how I standardised the estimates of the masses listed in the catalogs. Section 5 discusses the dependence of the WL mass estimates on the cosmological parameters and how they can be uniformed to a given reference cosmological model. In Section 6, I discuss how I assembled the catalogs from the various literature sources and how I performed the cluster identifications. Section 7 is devoted to the presentation of the format of the catalogs. Final consideration are in Section 8.
ON META-CATALOGUES
The worthiness of coherently compiled meta-catalogues of clusters has been discussed in Piffaretti et al. (2011) , who collected a large catalogue of X-ray detected clusters of galaxies based on publicly available samples. Specifically to the WL catalogs here presented, I remark that the LC 2 -all provides a panorama of the state-of-the-art on weak lensing clusters. It gives an overview of the published, publicly available weak lensing analyses. It is a repository of references and a ready-to use collection of the main properties (coordinates, redshift and mass) of the observed clusters.
Large, standardised catalogues can be used for crosscorrelation with existing, ongoing or upcoming surveys in various wave-lengths, such as SZ (Planck Collaboration et al. 2013; Reichardt et al. 2013; Menanteau et al. 2013) , optical (Laureijs et al. 2011, Euclid) , or X-ray surveys (Piffaretti et al. 2011, and references therein) . The mass, in combination with the appropriate scaling laws, enables us to predict all the main properties of the clusters, such as the integrated SZ flux, the X-ray temperature, the optical richness, and the velocity dispersion.
The largest public catalogs of massive WL clusters consists of a few dozens of objects (Shan et al. 2012; Mahdavi et al. 2013; Applegate et al. 2014; Umetsu et al. 2014 ). Clusters are not usually selected according to strict selection functions and some sort of arbitrariness can persist. The usual WL sample that can be found in literature is then small but it is neither statistical nor complete. It can be worthy to take a different route, i.e., to consider a sample whose selection function is not known but that is as large as possible. A very large sample, no matter whether it was assembled in a heterogeneous way, can recover the actual physical trends we are looking for (Gott et al. 2001) .
The LC 2 catalogues can be useful for the construction of better defined subsamples. The full sample of collected clusters is neither statistical nor complete. The reconstruction of the selection function of meta-catalogues is a nearly impossible task (Piffaretti et al. 2011) . The individual selection functions of the subsamples are complex and, in most cases, are not known or not available. However, suitable subsamples can be extracted for which the selection function can be approximated. These subsamples can be used to study scaling relations, time evolution of structures, and cosmography.
A large collection of clusters enables us to assess the reliability of the WL mass measurements . The repeated entries in LC 2 -all can be used to compare mass estimates from different analyses. Published uncertainties are often unable to account for the actual variance seen in sample pairs (Rozo et al. 2014; . The certain assessment of cluster masses is hindered by instrumental and methodological sources of errors which may cause systematic uncertainties in data analysis (Rozo et al. 2014) . The main sources of systematics in lensing analyses are due to selection and calibration problems. The selection and redshift measurement of background galaxies is a very difficult task that has to be undertaken through accurate photometric redshifts and colour-colour selection methods (Medezinski et al. 2010; Gruen et al. 2014) . A small calibration correction of the shear signal of the order of just a few percents can produce a systematic error of ∼ 10 per cent in the estimate of the virial mass (Umetsu et al. 2014) . Differences in WL mass estimates reported by different groups can be as large as ∼40 per cent .
Even though the catalogues are presented in a uniform format, I remark that they are highly heterogeneous. The clusters were detected in a variety of ways within X-ray, optical, SZ or shear surveys. Some clusters were targeted because they are very peculiar objects, as merging (Okabe & Umetsu 2008) or high-redshift clusters (Jee et al. 2011) . Some samples of clusters were assembled based on their known properties, as their X-ray luminousity or regular X-ray morphology (Mahdavi et al. 2013; von der Linden et al. 2014; Umetsu et al. 2014) . Others were observed in follow-up programs of differently planned surveys, which significantly increased the number of studied lensing clusters and extended the observation range to lower mass objects (Kettula et al. 2013; McInnes et al. 2009 ). Some samples were shear selected (Shan et al. 2012) .
On the positive end, systematic biases that affect some specific, small samples may average out in a heterogeneous and very large sample. The larger the sample, the smaller the biases due to the orientation of the clusters, to their internal structure, and to the projection effect of large-scale structure. Due to the different finding techniques, biases plaguing lensing selected samples, such as the over-concentration problem and the orientation bias (Oguri & Blandford 2009; Meneghetti et al. 2011) , are mitigated too. Projection effects are less severe in X-ray or SZ detected clusters.
The different observational facilities and data analysis methods also increase the heterogeneous nature of the catalog. Different solutions to instrumental and methodological sources of errors may cause systematic errors in the mass determination. The heterogeneity of the catalogs manifests both in the listed central estimates and the uncertainties. Masses are presented in a homogeneous way but they were not derived homogeneously among the original studies.
MASSES
Total masses of clusters within an over-dense region can be related to the virial mass. Most cluster properties are expected to be selfsimilar at those scales. There are several commonly used definitions of the virial radius. Over-densities can be measured either with respect to the critical density of the universe at the epoch of analysis, (∆c) or with respect to the mean density (∆m). For the compilation of the catalog, I took ∆ = ∆c, in terms of which important properties of galaxy clusters are universal (Diemer & Kravtsov 2014) .
M∆ denotes the mass within the radius r∆, which encloses a mean over-density of ∆ times the critical density at the cluster redshift, ρcr = 3H(z) 2 /(8πG); H(z) is the redshift dependent Hubble parameter. By definition, M∆ can be expressed as
Numerical simulations showed that fixed over-densities are very useful to describe universal features of clusters and to study the scaling relations (Tinker et al. 2008; Diemer & Kravtsov 2014) . From the theoretical point of view, the virialized region of a cluster can be related to the solution to the collapse of top-hat perturbations. The viral over-density is then redshift and cosmology dependent. To compute the virial radius, I adopted the approximated relation proposed by Bryan & Norman (1998) and based on the spherical collapse model for a flat universe with cosmological constant,
WL studies probe the clusters on large radial scales. As integration radii, I considered the virial radius and r200, which usually enclose most of the field of view covered by observations and are also well probed by SZ analyses; r500, which still encloses a substantial fraction of the total virialised mass of the system and is usually the largest radius probed in X-ray observations; r2500, which is usually poorly constrained by WL alone, but that can still be useful in comparison with detailed analysis of the cluster core, as those based on current high resolution X-ray observations or strong lensing investigations. Results at r2500 are mostly based on extrapolations and they may be unreliable without strong lensing constraints.
The critical surface density for lensing is defined as
where Ds, D d and D ds are the source, the lens and the lens-source angular diameter distances, respectively.
MASS PROFILES
Whenever the masses M∆ were quoted in the original papers, I took them for the catalogs. If not, I had to extrapolate the quoted results based on the density profile adopted in the analysis. The Navarro-Frenk-White profile (Navarro, Frenk & White 1996, NFW) , and the singular isothermal sphere (SIS) are the standard parametric models used in lensing analyses to characterise the deflector. Alternatively, some works quote only the total projected mass in an angular aperture. This may be the case of combined strong and weak lensing analyses or of free-form modelling. In this cases, I extrapolated the results by adopting a NFW model.
NFW
Dark matter halos are successfully described as NFW density profiles (Navarro, Frenk & White 1996; Jing & Suto 2002) . The 3D density distribution follows
where rs is the scale radius. The mass enclosed at radius r is MNFW(< r) = 4π ρs r
where
The NFW model is characterized by two parameters. They can be ρs and rs or the mass M∆ and the concentration, c∆ ≡ r∆/rs. The conversion relations are simple. From the definition of concentration and Eq. (5),
and
The general conversion from a mass at an arbitrary overdensity, ∆1, to a second one, ∆2, was derived in Hu & Kravtsov (2003) . By writing the parameters rs and ρs in terms of two different over-densities through Eqs. (7 and 8) and equating the expressions, we obtain
The conversion involves the inversion of the function FNFW(x). Equations (9, 10) can also be rewritten to derive the concentrations given two integrated masses, M∆ 1 and M∆ 2 ,
given two masses and one concentration, the remaining concentration can be obtained as
An additional relation has to be used to constrain the profile if only one parameter is known. N -body simulations have proved that mass and concentration are related (Neto et al. 2007; Gao et al. 2008; Duffy et al. 2008; Prada et al. 2012; Dutton & Macciò 2014; Diemer & Kravtsov 2014) . In limited ranges, the dependence of the halo concentration on mass and redshift can be adequately described by a power law,
If only one parameter is reported in the analysis, I broke the degeneracy in the mass profile by adopting the relation in Eq. (13) with A = 5.71 ± 0.12, B = −0.084 ± 0.006, and C = −0.47 ± 0.04 for a pivotal mass Mpivot = 2 × 10 12 M /h (Duffy et al. 2008 ). Some analyses quote only the projected mass within an aperture radius. The total projected mass for a NFW lens can be expressed as
where x is the dimensionless projected radius, x ≡ R/rs, and arctanhh = arctanh (arctan) if x < (>)1. If only the mass within a cylinder, M cyl obs , is provided, the mass M∆ can be derived by inverting
where c∆(M∆) can be expressed as in Eq. (13).
Singular Isothermal sphere
An alternative mass profile is provided by the singular isothermal sphere, whose density profile is This model was the standard for lens profiles before being supplanted by the NFW model. The total mass within a spherical radius is
It follows that
COSMOLOGICAL PARAMETERS
Lensing mass estimates depend on the assumed cosmological model. If necessary, they were rescaled to the reference cosmological model, i.e., a flat ΛCDM cosmology with density parameter ΩM0 = 0.3, and Hubble constant H0 = 70 km s −1 Mpc −1 . The conversion from other cosmological models was detailed in . The lensing 3D mass within a radius r = D d θ, where θ is the angular radius, scales as
where θE is the angular Einstein radius. The function f (θ) ∼ θ 
Equation (21) holds for a fixed over-density, whereas the viral over-density depends on the cosmological parameters. For the virial mass,
where ∆vir is a function of the redshift dependent cosmological density, ΩM.
The dependence on the cosmological parameters is usually small. The variation is < ∼ 2 per cent for a large range of mass profiles and cosmological models, see Fig. 1 .
The condition δγ = 0 is strictly verified only for the singular isothermal profile but it provides a good approximation in general. Let us consider as a typical massive lens, a NFW distribution with M200 10 15 M and c200 3. The deviation of the slope from the isothermal value is small over a large radial range, with δγ(r2500) 0.4, δγ(r500) 0.0, δγ(r200) −0.1, δγ(rvir) −0.2.
To make the proper conversion from different cosmological parameters, I used by default δγ = 0, when Eq. (21) reduces to
and Eq. (22) can be simplified as
6 CATALOG COMPILATION I included in the catalog all groups and clusters with weak lensing analyses I was aware of. The research in literature was performed thanks to the NASA's Astrophysics Data System 1 . A public list of clusters with weak lensing analyses, compiled by H. Dahle and last updated in 2007, was also used 2 . The compilation of the first version of the catalogs was based on 69 weak lensing studies comprising 822 analyses of individual groups and clusters, see Table 1 .
The catalogs were meant to avoid re-elaboration as much as possible. Masses quoted in the reference papers were directly reported. When original estimates were provided with asymmetric errors, I computed the mean value and the standard deviation as suggested in D'Agostini (2004). Missing masses were computed by extrapolation as discussed in Sec. 4. Corrections for the cosmological model were performed as detailed in Sec. 5.
Masses were redetermined with a fitting procedure in three cases. The fitting procedure is detailed in . Briefly, the observed shear profile is fitted to a spherical NFW functional through the function,
where g+ is the reduced tangential shear at angular position θ (Wright & Brainerd 2000) and δ+ is the observational uncertainty.
When a strong lensing constraint was available, the effective angular Einstein radius θE was fitted through
The total likelihood is L ∝ exp{−(χ 2 WL + χ 2 SL )/2}. For the catalog, I considered uniform priors in the ranges 0.02 M200/(10 14 h −1 M ) 100 and 0.02 c200 20. The parameters and their uncertainties were finally derived as the bi-weight estimators of the marginalised posterior probability densities.
For the Local Cluster Substructure Survey (LOCUSS) sample in Okabe et al. (2010) , I fitted the published shear profiles in order to derive the masses of all the 30 clusters of the sample, rather than the 26 reported in Okabe et al. (2010, table 6 ). Shear measurements in Okabe et al. (2010) are biased low due to contamination effects and systematics in shape measurements (Okabe et al. 2013) . We then corrected the fitted masses according to the factors reported in Okabe et al. (2013, table 2) . I also refitted the clusters previously analysed in Sereno & Covone (2013) . The fitting procedure was slightly improved since, see . For the catalog, I then used the updated mass determinations.
Finally, Mahdavi et al. (2007) published the shear profile of ABELL 478 but they did not report the mass determination. Values listed in the catalogs are the result of the fitting I performed.
Intentional omissions
There was a number of intentional omissions. I required that each lensing cluster was confirmed by independent observations. Lensing peaks without an optical, X-ray or SZ counterpart were excised from the catalog. This may be the case of some weak-lensing shear-selected halos or lensing peaks found in pilot programs targeting fields centred on active galactic nuclei or quasars (Wold et al. 2002) .
I did not include some lensing analyses of single clusters that were later refined/improved by the same authors or collaboration. Just as an example, this is the case of the analyses of the high redshift clusters in Jee et al. (2005a,b) , Jee et al. (2006) , and Jee & Tyson (2009) that were later revised in Jee et al. (2011) .
I considered only lensing studies performed under the assumption of spherical symmetry. Unfortunately, there is just a handful of clusters with triaxial analyses (Oguri et al. 2005; Corless, King & Clowe 2009; Sereno & Umetsu 2011; Morandi et al. 2012; Limousin et al. 2013 , and references therein). For homogeneity reasons, I excluded them.
Complex cluster morphologies may be separated in multiple peaks by high resolution WL analyses. To compile the catalog with unique entries, LC 2 -single, I only considered masses measured with a single halo analysis. Masses of substructures and multiple peaks associated to the same clusters are reported in the LC 2 -substructure catalog.
Cluster identifications
The same cluster may appear in several analyses under different names and with different quoted redshifts and locations. To standardise the notation, I reported the NASA/IPAC Extragalactic Database 3 (NED) preferred name and the NED's coordinates and redshift for each object. Most of the clusters were identified by name. A few of them were associated by matching positions.
Since most of the lenses which were not associated by name in NED are secondary halos in merging or complex systems, or shear-selected peaks found in dense fields, I could not adopt a fixed search radius when cross-checking with the NED. In fact, a blind matching based on a fixed aperture can associate the same NED counterpart to multiple, separate lenses, which we know to be distinct according to the reference paper. The association by position was then performed cluster-by-cluster. A limited number of lenses, mostly SZ or shear-selected halos, lacked the NED identification.
3 http://ned.ipac.caltech.edu/ Control of repeated entries was performed by looking for repeated NED associations. For clusters which were not identified by querying the NED, I also looked for matches of both position and redshift. If the cluster's coordinates were missing in the original papers, I used the location obtained from querying the NED.
CATALOG PRESENTATION
I compiled three catalogs. The LC 2 -single lists all clusters and groups whose mass was determined with a single-halo modelling, no matter what the dynamical state, and contains virtually no multiple entries.
The LC 2 -substructure lists separately the main components and the secondary haloes of complex systems, whose masses were derived with a multiple-halo analysis. As for LC 2 -single, duplicate entries were eliminated. There is some redundancy between LC 2 -single and LC 2 -substructure. Some systems may appear as a single halo in LC 2 -single and as a main halo with substructures in LC 2 -substructure.
LC 2 -all comprises the full body of information I found and reduced from literature. Multiple entries are present, as well as single-or multiple-halo analyses of the same lens. The LC 2 -single and LC 2 -substructure are subsamples with unique entries of LC 2 -all. When a cluster had multiple analyses available in literature, I picked for the LC 2 -single either the most recent analysis or that based on deeper observations. Table 2 presents an extract of LC 2 -single, in terms of the first 50 entries. In each catalog, objects are ordered by right ascension. The format is as follows.
Cols. 1-2: name of cluster as designated in the original lensing paper.
Cols. 3-4: right ascension RA (J2000) and declination DE (J2000), as quoted in the original lensing paper. If coordinates are not quoted in the source paper or in a companion one, I reported the coordinates of the NED's association.
Col. 5: redshift z, as reported in the original lensing paper. Col. 6: external validation through NED. 'N': the NED's object was associated by name; 'P': the NED's object was associated by positional matching; 'NA': no found association.
Cols. 7-11: as in cols. 1-5, but for the NED's association. Col. 12: author code. Col. 13: ADS's bibliographic code. Cols. 14-15: over-density mass M2500 and related uncertainty δM2500, in units of 10 14 M . Cols. 16-17: as for cols. 14-15, but for the over-density mass M500.
Cols. 18-19: as for cols. 14-15, but for the over-density mass M200.
Cols. 20-21: as for cols. 14-15, but for the virial mass Mvir.
Basic properties
I discuss the basic properties of the collected clusters. 507 clusters, groups, or sub-structures were analysed in published lensing studies. 131 objects were studied by at least two independent groups. The most popular targets are ABELL 209, 1835, and 2261, with ten independent analyses each, and ABELL 611 and 1689 (9 analyses each). Overall, we found 822 mass determinations. The single catalog contains 485 unique entries. The redshift distribution of the (unique) clusters (see Fig. 2 ) has a large range, Table 2 . The first 50 entries of the LC 2 -single catalogue. The full catalogs are available in electronic form. Columns are described in Section 8. Weak lensing is better suited to measure massive clusters. The mass distribution has a median M200 ∼ 4.5×10 14 M and extends to M200 larger than 5×10 15 M , see Fig. 3 . Shear or X-ray selected groups of clusters mostly populate the less massive bins.
Due to the heterogeneous nature of the sample there is no evi- dent trend in cluster masses with redshift, see Fig. 4 . Approximated selection functions might be derived only for specific subsamples.
CONCLUSIONS
A standardised collection of weak lensing masses may be very useful for X-ray, SZ and other multi-wavelength studies. I compiled from literature three catalogues. The LC 2 -all, -single andsubstructure catalogs comprise 822, 485 and 18 groups and clusters, respectively.
The LC 2 -all catalog is a repository of all the main information on clusters with measured lensing mass I found in literature. LC 2 -single is a list of unique entries. LC 2 -substructure focuses on complex structures.
The full catalogs are publicly available in electronic format 4 . The first version of the catalogs is released together with this presentation paper. The catalogs will be periodically updated.
